Aims: An increasing number of women trust the Internet for information about medication safety during pregnancy. This study aimed to evaluate the availability and accuracy of social media content on the perceived safety of medication use in pregnancy.
which cannot be discontinued. Pharmacotherapy during pregnancy involves a benefit-risk assessment, in which there is a trade-off between the potential benefits for the mother and possible risks for the foetus. Although there is insufficient data on the safety during pregnancy for many commonly used medications, [2] [3] [4] drug labelling, including the guidelines from the European Medicines Agency and US Food and Drug Administration, 5, 6 may assist clinicians and pregnant women in making decisions regarding pharmacotherapy.
The Internet has become an important source of health information to supplement information provided by health care providers. 7 This is also applicable to pregnant women, who increasingly search the Internet for pregnancy-related information for topics such as foetal development, nutrition and medications in pregnancy, pregnancy complications, and prenatal care. 8 More specifically, most pregnant women use the Internet to search for information on a treatment prescribed and over 80% of the women used information from the Internet to influence their decisions about medication use in pregnancy. 9, 10 In a multinational cross-sectional study from 2010, as many as 83% of pregnant and postpartum women considered the quality of online information they retrieved to be good or excellent. 9 Pregnancy-related information is available on the Internet through many sources, each with a different level of credibility. In addition to information on websites managed by health services or governmental organisations, use of social media sites to search for medication safety information during pregnancy was reported in a 2013 online survey by 85% of a UK sample of women who were pregnant or delivered in the last year. 10 As social media is defined as a collection of websites and applications that enable users to create and share content or to participate in social networking, 11 content is mainly generated by lay people. Consequently, the quality of these unstructured real-world data is generally not clear for the public.
Using social media as a data source for pharmacoepidemiological research or pharmacovigilance is challenging due to technical, regulatory and ethical issues. 12, 13 In a 2014 study, a limited number of chats on French forums was analysed to assess the quality and reliability of information on medication use in pregnancy shared by Internet users. 14 15 As both previous studies selected only one source of online information, these do not provide a complete overview of the quality and quantity of social media information available to pregnant women.
In the current study, we systematically assessed the availability and accuracy of all social media content in the Dutch language on the safety of medication use during pregnancy using a social media monitoring tool as a novel method of data collection.
| METHODS

| Search strategy
We performed a systematic search of posts published on social media, which included Facebook, Instagram, Twitter, YouTube, LinkedIn, Pinterest, blogs, forums and reviews, between 1 May 2011 and 30
April 2016 related to the safety of medication use during pregnancy using the social media monitoring tool Coosto. 16 This tool enables systematic searches of online content, in different sources and time frames. Furthermore, it keeps an archive of all Dutch posts published on social media and thereby provides the opportunity to extract all posts on a certain topic. Coosto has been used for similar purposes in scientific research before. 17, 18 As we used open access Internet sources in which we considered the research as textual representation instead of human subject research, 19 no ethical approval was required.
All information included in Coosto datasets is publicly available and does not contain identifiable data besides a nickname and information voluntarily shared by the online contributors.
The search strategy consisted of the following elements: (i) a pregnancy-related term; (ii) commonly used medications during pregnancy; and (iii) a maternal complication related to pregnancy or an adverse outcome for the child, including general statements of safety. The list of commonly used medications (n = 127, Appendix A), which included both prescription and OTC medications, was compiled using recent data from the PRegnancy and Infant DEvelopment (PRIDE) Study. 20 What is already known about this subject • Most pregnant women use the Internet to search for information on pharmacological treatment.
• Online pregnancy-related information is available through many sources, each with different levels of credibility.
• A complete overview of the quality and quantity of social media information available to pregnant women is lacking.
What this study adds
• There is an abundance of social media posts related to the medication safety during pregnancy.
• Over 40% of posts were not in line with the current knowledge about the medications' risk.
• This inaccuracy of online information may affect women's perception and decisions regarding medication use during pregnancy.
| Inclusion and exclusion criteria
We included posts published in the Dutch language describing a potential association between the use of a specific medication during pregnancy and maternal complications or adverse outcomes for the child, as well as posts implying overall safety or risks of the use of medication during pregnancy. All posts from the web site https:// www.apotheek.nl were excluded, because these were only described in interactions with other medications, providing no information on the safety or potential risks of the medications selected. Furthermore, duplicate posts were excluded, as well as posts without text.
A random sample of 101 posts was independently assessed for eligibility by 3 reviewers (M.v.G., A.R. and T.v.d.B.), which showed good to excellent agreement between the pairs of reviewers (kappa statistics ranging between 0.79 and 0.83). Therefore, the remaining posts were assessed by a single reviewer. In case of doubt about eligibility, the post was discussed with the other reviewers to accomplish a joint decision.
| Data abstraction
From each post, we extracted the date of publication, URL, text, source, medication mentioned, pregnancy complication or other adverse outcome for the child mentioned, and the perception of safety implied in the post. The latter was classified into 4 mutually exclusive categories: (i) safe; (ii) use on strict indication or second-line drug; (iii) insufficient knowledge on the safety during pregnancy available; or (iv) unsafe or contraindicated. Posts with an unclear perception (e.g. stating that a medication was safe in one part of the post, but also stating unsafe in another part) were discussed among the reviewers to determine the conclusion on the perception of safety implied.
For all medications mentioned in the posts included, we retrieved the safety information as communicated by the Teratology Information Service (TIS) of the Netherlands Pharmacovigilance Centre Lareb. 21 This safety information is grouped into 6 categories; to match the safety classification of the social media posts we combined the categories pharmacologic effect, monitor use and teratogenic, monitor use into use on strict indication or second-line drug and the categories pharmacologic effect, contraindicated and teratogenic, contraindicated into unsafe or contraindicated. If a medication was listed in multiple categories depending on dose or indication for use, we selected the safety application that is most applicable to pregnant women (i.e. OTC medication, most commonly occurring indication).
| Statistical analysis
We used descriptive statistics to characterize the information abstracted from the social media posts. To evaluate the accuracy of the social media content, we compared the perception of safety from the posts with the TIS classification as reference standard. Furthermore, we assessed whether the calendar year of publication, source of publication, type of medication (OTC vs prescription) and TIS classification were associated with accuracy by determining the risk difference in incorrect perception with its 95% confidence interval (CI).
Analyses were conducted using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA).
| RESULTS
The search yielded 9227 posts published between May 2011 and April 2016, of which 1224 posts related to the safety of medication use were included in this study. Posts were excluded because they were empty (n = 92), duplicates (n = 933), did not describe the association between medication use and outcomes (e.g. focused on pharmacological treatment for the outcome or mentioned medication use and pregnancy without any connection; n = 6780), only included unselected medications or outcomes (n = 100) or groups of medication (n = 53), or were inconclusive about the association (e.g. asked a question about safety; n = 45). The majority of posts included originated from forums (78%), followed by blogs (12%) and Facebook (7%).
The posts described 1441 scenarios on medication safety in pregnancy. These scenarios concerned 111 medications and 30 outcomes; the most frequently mentioned medications and outcomes are listed in Tables 1 and 2 , respectively. According to the TIS classification, 57 of these medications (51%) are considered safe during pregnancy, 4 medications (4%) are contraindicated, 21 medications (19%) may only be used on strict indication and, for 29 medications (26%), insufficient knowledge on the safety during pregnancy is available.
In Table 3 , the agreement between safety as perceived in the online posts and safety information as communicated by the TIS is shown. A total of 820 (57%) scenarios described in the posts were in line with the TIS classification. The level of agreement was highest for contraindicated medication (80%), followed by medications considered safe during pregnancy (76%), medications with insufficient knowledge (24%), and medications on strict indication or second-line drugs (7%). More specifically, risks of adverse outcomes were overestimated in 24% of posts on medications considered safe, 44% of posts on medications on strict indication or second-line drugs, and 32% of posts on medications with insufficient knowledge. Underestimation of risks was most common for medications on strict indication or second-line drugs (49%), followed by medications with insufficient knowledge (44%) and contraindicated medication (20%). For the individual medications considered safe during pregnancy with at least 10 posts, the percentage of correct online perceptions ranged between 20% (codeine and metronidazole) and 100% (beclomethasone for asthma, lactulose and methyldopa). These percentages ranged between 54% (acetylsalicylic acid) and 91% (ibuprofen) for contraindicated medication, 0% (fluoxetine, paroxetine, progesterone, and venlafaxine) and 33% (morphine) for medication on strict indication of second-line drugs, and 13% (ondansetron) and 39% (metformin) for medications with insufficient knowledge. In Table 4 , examples of correctly and incorrectly perceived risks by TIS classification are shown.
The year of publication of the online post and the source of publication were not associated with incorrect perception of the safety of medication use during pregnancy, although posts on Twitter seemed somewhat more likely to be incorrectly perceived compared to forum posts (59% vs 42%; risk difference 17.7, 95% CI 0.0-35.1; Table 5 ).
The safety of medications that are available on prescription only was more often incorrectly perceived than the safety of medications that are available OTC (60% vs 25%; risk difference 35.5, 95% CI 30.7-40.3). Furthermore, medications with the TIS classification on strict indication or second-line drugs (93%, risk difference 69.8, 95% CI 65.7-73.9) and medications with insufficient knowledge (76%; risk difference 52.1, 95% CI 44.9-59.4) were far more likely to receive an incorrect perception of safety compared with medications that are considered safe according to the TIS classification (24%).
| DISCUSSION
In this study, we reviewed over 9000 social media posts and abstracted information from 1224 posts on forums, blogs, Facebook, Twitter and other social media sources on the safety of medication use during pregnancy. We compared the perceived safety as reported in the posts on 1441 scenarios between selected medication use during pregnancy and safety outcomes with the information from the TIS of the Netherlands Pharmacovigilance Centre Lareb, suggesting that over 40% of posts were not in line with the current knowledge about the medications' risk. This was particularly the case for prescription medication and medications with a TIS classification on strict indication or second-line drugs, and medications with insufficient knowledge on their safety during pregnancy. This is the first study to systematically review a large number of posts published publicly on multiple social media platforms related to the safety of medication use during pregnancy. Two previous studies focussed on a single social media source only: chats on French forums 14 and English YouTube videos. 15 Similar to those studies, we observed low concordance between the perceived online safety and official ratings. Concordance was lowest for the TIS categories with more subtle interpretations (i.e. on strict indication or second-line and insufficient knowledge), which may resemble the binary treatment decision pregnant women have to make: should I take this medication? Indeed, most medications within these TIS categories were perceived as either safe or contraindicated based on the social media posts. This may particularly be a problem for the commonly used antidepressants, for which an individual-based benefit-risk assessment of pharmacological treatment is vital. To complicate this assessment of medication safety using online sources, articles in which harm was associated with antidepressant use during pregnancy receive more tweets than articles with reassuring results, 22 biasing public opinion towards potential risks.
However, for the medications in the more definitive TIS classifications safe and contraindicated, concordance was also suboptimal (approximately 80%). This may have profound impact on clinical practice. For medications that are considered safe during pregnancy, perceived risks associated with use may result in non-adherence, which for some medications, including salbutamol, lamotrigine and different types of antibiotics, may impair maternal and/or infant health. Several studies on women's beliefs and risk perception on medication use in pregnancy confirm that pregnant women tend to overestimate the potential risks and subsequently chose to avoid the use of certain medications. [23] [24] [25] [26] By contrast, when contraindicated medication is perceived as safe, pregnant women may decide to take this medication, putting their unborn infants at risk of adverse outcomes.
A recent qualitative study stresses that women lack knowledge about the effects of their medication use on the unborn child and that they use, among others, online sources such as blogs and social media to make decisions about medication use during pregnancy. 27 Coosto claims to find every post that fulfils the search criteria, 16 currently no reference standard is available to confirm its validity and reliability. However, there is no reason to assume that posts with an incorrect perception of risk are more likely to be detected than posts with a correct perception and vice versa, limiting the probability of bias in the accuracy analyses. Third, the posts were hand-coded by a single reviewer as it was too time-consuming to code all posts in duplicate. Although agreement between reviewers was good to excellent in a random sample of posts, this may have led to inaccuracies in the selection and abstraction of data. Natural language processing may overcome this problem as it is capable of generating structured information from unstructured free text, 33 but no algorithms for this task are currently available in the Dutch language. Finally, the identity of the authors of the online posts is unknown, but based on the context of the posts, we may assume that the results reflect the actual knowledge of pregnant women themselves.
In conclusion, there is an abundance of Dutch social media posts on the safety of medication use during pregnancy, but a large proportion of these posts provides inaccurate information. As this information may influence individual treatment decisions during pregnancy, recognition and adequate communication between pregnant women OR prematuur OR prematuriteit OR "intra-uteriene vruchtdood" OR "doodgeboren kind" OR (veilig* zwanger*) OR (schadelijk* zwanger*))
